ω-Amidase: an underappreciated, but important enzyme in L-glutamine and L-asparagine metabolism; relevance to sulfur and nitrogen metabolism, tumor biology and hyperammonemic diseases.
In mammals, two major routes exist for the metabolic conversion of L-glutamine to α-ketoglutarate. The most widely studied pathway involves the hydrolysis of L-glutamine to L-glutamate catalyzed by glutaminases, followed by the conversion of L-glutamate to α-ketoglutarate by the action of an L-glutamate-linked aminotransferase or via the glutamate dehydrogenase reaction. However, another major pathway exists in mammals for the conversion of L-glutamine to α-ketoglutarate (the glutaminase II pathway) in which L-glutamine is first transaminated to α-ketoglutaramate (KGM) followed by hydrolysis of KGM to α-ketoglutarate and ammonia catalyzed by an amidase known as ω-amidase. In mammals, the glutaminase II pathway is present in both cytosolic and mitochondrial compartments and is most prominent in liver and kidney. Similarly, two routes exist for the conversion of L-asparagine to oxaloacetate. In the most extensively studied pathway, L-asparagine is hydrolyzed to L-aspartate by the action of asparaginase, followed by transamination of L-aspartate to oxaloacetate. However, another pathway also exists for the conversion of L-asparagine to oxaloacetate (the asparaginase II pathway). In this pathway, L-asparagine is first transaminated to α-ketosuccinamate (KSM), followed by hydrolysis of KSM to oxaloacetate by the action of ω-amidase. One advantage of both the glutaminase II and the asparaginase II pathways is that they are irreversible, and thus are important in anaplerosis by shuttling 5-C (α-ketoglutarate) and 4-C (oxaloacetate) units into the TCA cycle. In this review, we briefly mention the importance of the glutaminase II and asparaginase II pathways in microorganisms and plants. However, the major emphasis of the review is related to the importance of these pathways (especially the common enzyme component of both pathways--ω-amidase) in nitrogen and sulfur metabolism in mammals and as a source of anaplerotic carbon moieties in rapidly dividing cells. The review also discusses a potential dichotomous function of ω-amidase as having a role in tumor progression. Finally, the possible role of KGM as a biomarker for hyperammonemic diseases is discussed.